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S U M M A R Y
Objectives: Rapidly growing mycobacteria (RGM) have emerged as important pathogens in clinical
settings, associated with esthetic procedures and postsurgical infections, pulmonary infections among
cystic ﬁbrosis patients, and other structural pulmonary diseases. Microorganisms belonging to
Mycobacterium abscessus–Mycobacterium chelonae and to Mycobacterium fortuitum groups have
frequently been associated with outbreaks and various epidemics. In the present study, RGM strains
were characterized in order to investigate molecular markers based on proteomic analysis.
Methods: Multilocus enzyme electrophoresis (MLEE) was used for species identiﬁcation and clonal
analysis of RGM recovered from postsurgical wound infections during an epidemic. The study included
30 M. abscessus subsp. bolletii clinical isolates, most belonging to the BRA100 clone (epidemic in Rio de
Janeiro city), as well as 16 RGM ATCC reference strains.
Results: Molecular typing allowed the detection of diversity in the studied population and revealed
species-speciﬁc isoenzymatic patterns. Additionally, the clonal relationship among M. abscessus subsp.
bolletii outbreak isolates, as examined using MLEE, was markedly consistent.
Conclusions: Isoenzymatic characterization was found to be a useful molecular tool to identify RGM
species and to determine the relatedness among closely related M. abscessus subsp. bolletii isolates. This
may be considered a powerful approach for epidemiological studies on RGM.
 2015 Published by Elsevier Ltd on behalf of International Society for Infectious Diseases. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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jou r nal h o mep ag e: w ww .e lsev ier . co m / loc ate / i j id1. Introduction
Rapidly growing mycobacteria (RGM) are opportunistic patho-
gens that produce diseases in a variety of clinical settings. The
three major clinically important species of RGM responsible for
approximately 80% of disease in humans are Mycobacterium
abscessus, Mycobacterium chelonae, and Mycobacterium fortuitum.1
RGM are presumed to be common in the environment, but have* Corresponding author. Tel.: +55 21 2560-8344r134;
fax: +55 21 2560-8344r108.
E-mail address: rsduarte@ufrj.br (R.S. Duarte).
http://dx.doi.org/10.1016/j.ijid.2015.11.010
1201-9712/ 2015 Published by Elsevier Ltd on behalf of International Society for Infect
creativecommons.org/licenses/by-nc-nd/4.0/).most often been identiﬁed in tap water when associated with
outbreaks related to catheters, sepsis in bone marrow transplants,
wound infections, and pseudo-outbreaks.2
In virtually all nosocomial infections caused by this group of
microorganisms, there were failings in the sterilization processes
of solutions, surgical instruments, or medical devices.3–5 Recent
publications have indicated an increasing number of infections
secondary to breast augmentation and video-assisted surgeries.6–8
Worldwide, the growing number of cases and reports related to
RGM infections may be due, at least in part, to the improved
knowledge about the emergence of these pathogens, as well as
improved diagnosis and high resistance to a variety of antibiotics
and high-level disinfectants.9,10 Outbreaks of RGM infectionsious Diseases. This is an open access article under the CC BY-NC-ND license (http://
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associated with exposure to recreational water containing a large
number of bacteria and inadequate chlorination, highlighting the
possible ubiquity of these organisms in the aquatic environ-
ment.11,12 In fact, RGM have been recovered from many different
environmental sources, including soil and water distribution
systems.13,14
Since 2004, a series of localized skin and soft tissue infections
caused by RGM has occurred in Brazil following invasive
procedures such as laparoscopic, arthroscopic, plastic surgery,
and cosmetic interventions.15–18 Over the course of 4 years, more
than 2000 cases were ofﬁcially reported to the Brazilian federal
authorities and described as a public health emergency.19 From
August 2006 to July 2007, more than 1000 suspected cases were
reported to the Secretary of Health of Rio de Janeiro State. Almost
all isolates studied so far have belonged to a single clone (BRA100)
of Mycobacterium massiliense species (recently renamed as M.
abscessus subsp. bolletii).17,20
The biochemical identiﬁcation of RGM is laborious and
uncertain, and generally requires the aid of molecular techniques
for identiﬁcation to the species level. Certain mycobacterial species
cannot be differentiated precisely even when molecular tools are
used, and a combination of methods must be used for systematic
taxonomy.14,21 In addition, molecular epidemiology generally
requires typing methods to describe the clonal relationship among
isolates and to further deﬁne an outbreak. However, alternatives to
investigate the molecular diversity of large collections of RGM
isolates from distant regions have been restricted to techniques
such as pulsed-ﬁeld gel electrophoresis (PFGE), enterobacterial
repetitive intergenic consensus PCR (ERIC-PCR), repetitive se-
quence-based PCR (rep-PCR), random ampliﬁed polymorphic DNA
(RAPD), multispacer sequence typing, and multilocus sequence
typing (MLST).22–25
Multilocus enzyme electrophoresis (MLEE) has traditionally
been considered a valuable tool to discriminate and characterize
strains and lineages as well as to estimate the impact of clonality
on their evolution.26 MLEE has been used successfully for
epidemiological studies, providing relevant contributions on
the diversity of non-tuberculous mycobacteria.22,27,28 Isoen-
zymes have an essential role in housekeeping metabolic
activities, which showcase their usefulness in evolutionary and
systematic studies of many bacterial populations.26,29 Isoen-
zymes also contribute to the virulence process of many
pathogens in terms of colonization, persistency, and invasion
in the host tissue.30 Species-speciﬁc clones identiﬁed by MLEE
have also been associated with clinical patterns and high indices
of pathogenicity, allowing a better understanding of epidemio-
logical events.27,31
The aim of this study was to evaluate MLEE as an alternative
tool for species identiﬁcation and clonal analysis of RGM recovered
from postsurgical wound infections during an epidemic. MolecularTable 1
Description of the 30 Mycobacterium abscessus subsp. bolletii clinical isolates included 
Species Previous
identiﬁcationa
Number
of isolates
Stateb S
M. abscessus subsp. bolletii M. massiliense 20 RJ S
M. abscessus subsp. bolletii M. massiliense 3 GO S
M. abscessus subsp. bolletii M. massiliense 1 PR S
M. abscessus subsp. bolletii M. massiliense 2 RJ S
M. abscessus subsp. bolletii M. massiliense 2 PI S
M. abscessus subsp. bolletii M. bolletii 2 BA M
MLEE, multilocus enzyme electrophoresis; PFGE, pulsed-ﬁeld gel electrophoresis.
a Species identiﬁcation before changes in taxonomy of M. abscessus/chelonae group.
b State of isolation: RJ, Rio de Janeiro; GO, Goia´s; PR, Parana´; PI, Piauı´; BA, Bahia.
c PFGE patterns 17,32,33.
The PFGE proﬁles were classiﬁed based on similarity to BRA100 (A) pattern as A1 (95%similarities were evaluated against the isoenzymatic proﬁles of
reference strains.
2. Materials and methods
2.1. Mycobacterial strains
Sixteen RGM reference strains were used: M. abscessus (ATCC
19977), Mycobacterium agri (ATCC 27406), Mycobacterium aurum
(ATCC 23366), M. chelonae (ATCC 35752), Mycobacterium chu-
buense (ATCC 27278), Mycobacterium ﬂavescens (ATCC 14474), M.
fortuitum (ATCC 6841), Mycobacterium gadium (ATCC 27726),
Mycobacterium neoaurum (ATCC 25795), Mycobacterium parafor-
tuitum (ATCC 19686), Mycobacterium phlei (ATCC 11758), Myco-
bacterium porcinum (ATCC 33776), Mycobacterium rhodesiae (ATCC
27024), Mycobacterium smegmatis (ATCC 14468), Mycobacterium
thermoresistibile (ATCC 19527), and Mycobacterium vaccae (ATCC
15483). Thirty M. abscessus subsp. bolletii clinical isolates, most of
which (66%) belonged to the BRA100 clone (epidemic in Rio de
Janeiro city between 2004 to 2007), were included (Table 1). They
were previously identiﬁed using phenotypic tests and genetic
analysis of the hsp65 and rpoB sequences, as described previous-
ly.17 The isolates had also been characterized previously by PFGE
(Table 1).17,32,33
2.2. Multilocus enzyme electrophoresis (MLEE)
In order to analyze enzyme electrophoresis variation, bacterial
cell lysates were prepared and characterized for the variation at
17 enzyme-encoding loci, as described previously, with modiﬁca-
tions.34 Bacterial cells were grown on Lowenstein–Jensen medium
for 7 days and subjected to extraction in lysis buffer (10 mM Tris-
HCl, 1 mM ethylenediaminetetraacetic acid (EDTA), 0.5 mM
Nicotinamide adenine dinucleotide phosphate (NADP), pH 6.8).
Seventeen enzyme systems were investigated (Table 2). Enzymes
were separated on agarose gels using a Tris-citrate buffer system
(pH 8.0). Each band on the gel was considered a distinctive
electromorph (mobility variants). Enzyme bands were numbered
in order of increasing migration towards the anode. The bands
were recorded into matrices indicating the presence or absence of
enzyme activity, scored as 1 or 0, respectively. Electrophoretic
types (ETs) were deﬁned based on the combinations of isoenzy-
matic markers. Strains exhibiting identical banding proﬁles for all
the enzymes studied were designated as belonging to the same ET.
Isolates lacking detectable enzyme activity were designated as
being in a null state at the locus in question. Numerical analysis of
MLEE data was performed using the NTSYS-pc version 2.0 software
package (F. James Rolf, Exeter Software) and afﬁnities among
strains were calculated using the Dice coefﬁcient. The similarity
matrix was transformed into a phenogram using the UPGMA
(unweighted pair group method with arithmetic mean) algorithm.for typing analysis by MLEE
ite of isolation Epidemic
strain
PFGE proﬁlec Laboratory isolate
identiﬁcation
urgical wound Yes A (BRA100) CRM-0001 to 0020
urgical wound Yes A (BRA100) F1345, F1370, F1410
urgical wound Yes A (BRA100) CRM-0306
putum No A1 CRM-0270, CRM-0273
urgical wound No Non-typeable F1010, F1015
esotherapy No B F1131, F1163
) and B (80%). The non-typeable strains presented DNA degradation.
Table 2
Enzymes assayed for the characterization of rapidly-growing mycobacterial strains
E.C. number Name Symbol
4.2.1.3 Aconitase ACO
2.7.4.3 Adenylate kinase ADK
1.1.1.1 Alcohol dehydrogenase ADH
1.6.4.3 Diaphorase DIA
3.1.1.1 Esterase 1 EST-I
3.1.1.2 Esterase 2 EST-II
4.2.1.2 Fumarase FUM
1.1.1.49 Glucose-6-phosphate dehydrogenase G6PDH
5.3.1.9 Glucose phosphate isomerase GPI
2.7.1.1 Hexokinase HK
1.1.1.42 Isocitrate dehydrogenase IDH
3.4.11.1 Leucyl-leucyl aminopeptidase LAP
1.1.1.3.7 Malate dehydrogenase MDH
1.1.1.40 Malic enzyme ME
3.4.11.1 Phenylalanyl-leucine peptidase PEP-2
1.1.1.44 Phosphogluconate dehydrogenase PGD
2.7.5.1 Phosphoglucomutase PGM
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according to the presence or absence of polymorphic bands. The
repeatability of this method was assessed using the selected
enzymes with different bacterial lysates obtained from the same
strain at different times.
3. Results
MLEE typing based on 17 isoenzymatic systems identiﬁed
20 distinct ETs and revealed a species-speciﬁc zymovar distribu-
tion (Table 3, Figures 1 and 2). RGM reference strains deﬁned single
branches in the MLEE tree. No enzyme activity was detected for
PEP-2, DIA, and LAP in the population of isolates. The enzymesTable 3
Numeric representation of electromorphs and zymovars according to MLEE analysis of
Isolate Species MLEE electromorphsa
ADH GPI FUM PGD ADK
CRM0001-00020 M. abscessus subsp. bolletii 0 3 3 2 5 
CRM0270 – RJ M. abscessus subsp. bolletii 0 3 3 2 5 
CRM0273 – RJ M. abscessus subsp. bolletii 0 3 3 2 5 
CRM0306 – PR M. abscessus subsp. bolletii 0 3 3 2 5 
F1010 – PI M. abscessus subsp. bolletii 0 0 2 0 1 
F1015 – PI M. abscessus subsp. bolletii 0 0 2 0 1 
F1345 – GO M. abscessus subsp. bolletii 0 3 3 2 5 
F1370 – GO M. abscessus subsp. bolletii 0 3 3 2 5 
F1410 – GO M. abscessus subsp. bolletii 0 3 3 2 5 
ATCC 19977 M. abscessus subsp. abscessus 1 2 3 1 5 
ATCC 27406 M. agri 2 1 5 4 4 
ATCC 23366 M. aurum 0 4 0 0 0 
F1131 – BA M. abscessus subsp. bolletii 0 2 3 2 5 
F1163 – BA M. abscessus subsp. bolletii 0 9 3 0 5 
ATCC 35752 M. chelonae 1 9 3 3 4 
ATCC 27278 M. chubuense 3 6 3 5 3 
ATCC 14474 M. ﬂavescens 0 4 3 3 2 
ATCC 6841 M. fortuitum 0 4 3 0 0 
ATCC 27726 M. gadium 4 3 1 5 2 
ATCC 25795 M. neoaurum 0 5 1 0 2 
ATCC 19686 M. parafortuitum 0 3 0 5 5 
ATCC 11758 M. phlei 0 0 2 0 1 
ATCC 33776 M. porcinum 2 5 3 2 2 
ATCC 27024 M. rhodesiae 1 2 4 3 0 
ATCC 14468 M. smegmatis 0 3 4 3 0 
ATCC 19527 M. thermoresistibile 0 3 0 0 0 
ATCC 15483 M. vaccae 2 5 4 6 2 
MLEE, multilocus enzyme electrophoresis.
a ADH, alcohol dehydrogenase; GPI, glucose phosphate isomerase; FUM, fuma
phosphoglucomutase; IDH, isocitrate dehydrogenase; G6P, glucose-6-phosphate; MD
EST-II, esterase II; ACON, aconitase.ACON, ADH, ADK, EST-I, EST-II, FUM, GPI, G6P, HK, IDH, MDH, ME,
PGD, and PGM were polymorphic for two (HK, EST-II, MDH), four
(ADH, EST-I, ME, PGM), ﬁve (ACON, ADK, FUM, G6P), six (PGD),
seven (IDH), and 10 (GPI) electromorphs (Table 3, Figure 2).
Speciﬁc isoenzymatic variants for ADH (M. chubuense, M.
gadium), GPI (M. agri, M. chubuense, Mycobacterium immuno-
genum), ADK (M. chelonae), PGM (M. agri, M. vaccae), FUM (M.
agri), PGD (M. abscessus subsp. abscessus, M. agri, M. vaccae), G6P
(M. agri, M. ﬂavescens, M. gadium), HK (M. phlei, M. agri), MDH (M.
phlei), EST-I (M. abscessus subsp. abscessus, M. agri), EST-II (M.
agri, M. gadium), and ACON (M. phlei, M. agri, M. gadium, M.
smegmatis) were observed (Figure 1).
Considering the MLEE typing analysis of M. abscessus subsp.
bolletii isolates, the clonal group with higher representation
included the RGM isolates related to the epidemic strains, which
exhibited the isoenzymatic pattern (zymovar 1), similar to the
results obtained by PFGE in previous studies.17,35 The isolates
CRM-0270 and CRM-0273 recovered from sputum during the
epidemic also presented similar PFGE patterns (>80% similarity)
with only a few distinct bands.17 Epidemiologically unrelated
isolates of M. abscessus subsp. bolletii with signiﬁcant distinct PFGE
patterns were found to be clustered apart (Figure 3).
4. Discussion
In order to determine the clonal relatedness and to identify
epidemiological markers of RGM, mycobacterial clinical isolates
related to a Brazilian epidemic were submitted to isoenzyme
typing.
MLEE typing relies on the analysis of housekeeping enzymes
that accumulate slowly and usually participate in the basic
metabolism of the cell, which are thus less likely than other loci to
be under selective pressure from the environment and subject to rapidly-growing mycobacterial strains
 PGM IDH G6P MDH HK ME EST-I EST-II ACON Zymovar
2 3 3 0 0 0 0 0 0 1
2 3 3 0 0 0 0 0 0 1
2 3 3 0 0 0 0 0 0 1
2 3 3 0 0 0 0 0 0 1
4 1 1 0 0 0 0 0 0 16
4 1 1 0 0 0 0 0 0 16
2 3 3 0 0 0 0 0 0 1
2 3 3 0 0 0 0 0 0 1
2 3 3 0 0 0 0 0 0 1
0 3 0 0 0 2 1 0 0 7
1 5 2 2 2 1 2 1 4 20
0 3 3 0 0 0 0 0 0 6
0 5 0 0 0 0 3 0 0 5
0 2 0 0 0 0 0 0 0 4
0 4 0 0 0 0 0 0 0 8
0 3 3 0 0 3 0 0 3 15
0 3 4 0 0 4 3 0 0 13
0 2 0 0 0 3 0 0 3 14
0 7 5 2 0 4 0 2 5 19
2 4 3 0 0 0 0 0 0 11
0 3 0 0 0 0 0 0 0 2
0 1 1 1 1 3 0 0 1 17
0 6 3 0 0 1 0 0 3 12
0 3 0 0 0 2 0 0 0 9
0 2 3 0 0 0 0 0 2 10
0 3 0 0 0 0 4 0 0 3
3 3 3 0 0 2 0 0 3 18
rase; PGD, Phosphogluconate dehydrogenase; ADK, adenylate kinase; PGM,
H, malate dehydrogenase; HK, Hexokinase; ME, malic enzyme; EST-I esterase I;
Figure 1. Dendrogram resulting from computer-assisted analysis of the multilocus enzyme electrophoresis proﬁles of 16 reference strains of rapidly growing mycobacteria.
The Dice coefﬁcient was used to calculate the percentages of similarity among the proﬁles.
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tive of the whole genome of an organism and form a good basis for
the study of genetic populations of bacteria, fungi, and protozoa,
and have been the basis for the development of the MLST
technique.26,37 The application of MLEE was primarily aimed at
microbial identiﬁcation and, further, to distinguish strains for
epidemiological tracking. The use of MLEE for systematic purposes
has been described in past years and has contributed to
improvements in species characterization.26,34
The particular advantages of enzyme electrophoresis include
(1) information obtained by variation in mobility can be related
directly to allelic variation at speciﬁc genes encoding speciﬁc
proteins, and (2) suitable patterns can be obtained even for non-
typeable strains due to DNA degradation when using DNA-based
techniques.22,26,34,38,39 Another attractive feature is the likelihood
that much of the electrophoretically demonstrable polymorphic
variation in enzymes is selectively neutral and, therefore,
minimally subject to evolutionary convergence. Although the
recent development of sensitive and speciﬁc genetic methods has
limited the extensive use of this methodology for evolutionary
genetics, MLEE represents an invaluable complementary method
to more recent molecular typing methods, particularly for large-
scale epidemiological studies.26,34
Early studies of enzyme polymorphism in mycobacteria clearly
demonstrated the power of the MLEE technique to reveal variation
within and among species. For instance, MLEE added important
contributions in terms of strain relatedness and taxonomic
purposes for Mycobacterium parafﬁnicum, as reported by Toney
et al.38 Mycobacterium avium isolates have also been submitted to
MLEE, and species deﬁnition, serotyping, and typing wereFigure 2. Electrophoretic proﬁle of phosphoglucose isomerase (GPI) of different
species included in the study. Lane 1: F1131; lane 2: ATCC 19977; lane 3: 0001; lane
4: ATCC 27406; lane 5: CRM0005; lane 6: CRM00010; lane 7: CRM0015; lane 8:
CRM020; lane 9: ATCC 23366; lane 10: F1163; lane 11: ATCC 35752; lane 12: ATCC
33776; lane 13: ATCC 25795; lane 14: ATCC 27278.signiﬁcantly supported by this method. Conﬁrmation of speciﬁc
sources of contamination and infection, the distinction of M. avium
from Mycobacterium intracellulare, epidemiological markers, and
typing of isolates that either autoagglutinate or fail to react with
antisera were initially described by Yakrus et al.27 Furthermore,
MLEE was also successfully used for RGM typing in other previous
studies. Kline et al.40 evaluated this technique by comparing it to
RAPD-PCR for tracking Mycobacterium mucogenicum from blood
isolates in hospital settings. Another group of researchers, Zhang
et al.,39 suggested that the results obtained by MLEE were superior
to those obtained by PFGE when evaluating M. abscessus presenting
smeared PFGE proﬁles due to DNA degradation.
The identiﬁcation of RGM, especially the M. chelonae–M.
abscessus group, is technically challenging and requires molecular
methods for precise results. Several phenotypic tests or combina-
tions of phenotypic and molecular alternatives have been
suggested as tools for the identiﬁcation of RGM. Yakrus et al.
utilized different molecular methods to separate M. abscessus and
M. chelonae isolates, including MLEE.22 They observed a phyloge-
netic distance clearly demonstrated by this technique between the
two species, reinforcing the utility of MLEE for the discrimination
of this group of organisms. However, this is the ﬁrst study to
propose the use of this technique for the identiﬁcation of a larger
number of pathogenic RGM species. The zymovars obtained for
different species exhibited a signiﬁcant species-speciﬁc distribu-
tion by using reference strains. Dendrograms obtained by
isoenzymatic analysis revealed that species of RGM were
consistently differentiated and were segregated as single branches
or clustered in small clonal groups. Further studies including other
reference strains and a larger number of clinical isolates belonging
to different species may provide additional information on this
alternative proposal for identifying RGM.
For clonally related microorganisms, MLEE data can be used to
assess the degree of relatedness between organisms or populations
and thus have systematic and taxonomic implications. Many
bacterial clones within species have been identiﬁed by MLEE and
associated with particular clinical patterns, with a particular
frequency in clinical diseases or with a higher level of pathogenic-
ity. MLEE data can also be used for the epidemiological tracking of
microorganisms, as well to determine the clonal relationship
among isolates.26 Zhang et al. typed M. abscessus isolates by using
PFGE and MLEE.39 They selected ﬁve enzyme systems for MLEE,
Figure 3. Dendrogram resulting from computer-assisted analysis of the multilocus enzyme electrophoresis proﬁles of 30 clinical strains of rapidly growing mycobacteria. The
Dice coefﬁcient was used to calculate the percentages of similarity among the proﬁles.
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the ﬁve enzyme systems selected were used in this study: PGD,
ADK, PGM, and EST. Also, in order to help clarify the taxonomic
status of M. abscessus, M. massiliense, and M. bolletii, Macheras et al.
developed a multilocus sequence analysis (MLSA) using 10 house-
keeping genes as targets.25 Among these were the genes
responsible for the transcription of PGM and PGD enzymes. They
presented 29 and 20 polymorphic sites, respectively, and were
useful in the differentiation of the isolates. MLEE has also proved to
be useful for M. avium.41
In this study, MLEE was also used as a tool to characterize the
clonal relationship among RGM isolates from different geographi-
cal regions of Brazil. Clinical isolates of M. abscessus subsp. bolletii
related to the Brazilian epidemic and non-related strains were
included. In Brazil, outbreaks caused by RGM have been detected
since 1998, mainly in the cities of Rio de Janeiro and Sa˜o Paulo.
Eight outbreaks following laser in situ keratomileusis (surgery for
the correction of myopia), mesotherapy sessions (intradermal
injections), and breast implant surgery have been described, most
of them associated with species belonging to the M. chelonae–
abscessus group.23,35,42 Recently, a large epidemic of surgical site
infections following video-assisted surgeries was reported in Brazil
and associated to M. abscessus subsp. bolletii.6,15–19 Since August
2004, a large number of surgical wound infections caused by the
same epidemic clone of M. abscessus subsp. bolletii, following
video-assisted surgery, have been diagnosed in the 15 states of
Brazil, mainly in the southeast region. For example, from 2007 to
2011, 43 M. abscessus subsp. bolletii belonging to the BRA100 clone
were recovered from postsurgical infections in Rio Grande do Sul,
South Brazil.18 The contamination of hospital equipment and
resistance of RGM to commonly used disinfectants were the
reasons for the epidemic; these have been described before as
sources of RGM outbreaks worldwide.4,10,17 Using MLEE, it was
possible to demonstrate the clonal structure of the isolates related
to the outbreak. This suggests the application of this method as a
tool for typing M. abscessus subsp. bolletii, representing an
important approach to the monitoring of these pathogens isolated
from different geographical regions. The strong correlation
between PFGE and MLEE data of the RGM isolates included in
this study provides accumulated evidence for the existence of RGM
lineages within species that are stable in space and time.The choice of the enzymatic systems is a crucial step in
developing MLEE. Activity for three of 17 enzymatic systems
evaluated could not be demonstrated (PEP-2, DIA, and LAP),
suggesting that they could not be appropriated to the characteri-
zation and molecular differentiation of this group of microorgan-
isms. The remaining enzymes detected polymorphisms capable of
differentiating between organisms of the same species related to
distinct geographical regions.
In this study, MLEE was used as a molecular tool for species
identiﬁcation and clonal analysis of RGM recovered from
postsurgical wound infections during an epidemic. MLEE data
detected diversity in the studied population and revealed species-
speciﬁc isoenzymatic patterns.
In conclusion, considering the increasing importance of RGM in
human infections, there is a need for accurate and robust species
identiﬁcation and molecular typing to better understand this
group of microorganisms. MLEE proved to be an efﬁcient method
to conﬁrm the identiﬁcation and discriminate clinically relevant
species, as well as to estimate clonality among RGM lineages.
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